Qingshengfania soli gen. nov., sp. nov., a member of the order Rhizobiales isolated from the soil of a pesticide factory Two Gram-stain negative, coccoid to oval-shaped, non-spore-forming bacteria (LR4 T and LR4-1), isolated from the soil of a pesticide factory in Nanjing, China, were investigated for their taxonomic allocation by using a polyphasic approach. Both strains grew optimally at pH 7.0, 30 8C and in the absence of NaCl. Both strains were positive for catalase and oxidase activities. Q-10 was the predominant respiratory ubiquinone. The major polar lipids were phosphatidylmonomethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and two unknown aminolipids. The major fatty acids (.10 % of the total fatty acids) were C 18:1 v7c/C 18:1 v6c (summed feature 8) and C 17:1 iso I/C 17:1 anteiso B (summed feature 4). Phylogenetic analysis based on 16S rRNA gene sequence comparisons showed that the two isolates formed a distinct line within a clade containing the genera Chelatococcus, Bosea, Camelimonas, Salinarimonas, Psychroglaciecola, Microvirga, Methylobacterium, Albibacter, Hansschlegelia and Methylopila in the order Rhizobiales, with the highest 16S rRNA gene sequence similarity to Chelatococcus asaccharovorans TE2 T (94.12 %), followed by Bosea thiooxidans DSM 9653 T (93.25 %). Strains LR4 T and LR4-1 were closely related on the basis of DNA-DNA reassociation and therefore represent a single novel species. Based on phenotypic, chemotaxonomic and phylogenetic data, strains LR4 T and LR4-1 represent a novel species of a new genus in the order Rhizobiales, for which the name Qingshengfania soli gen. nov., sp. nov. is proposed. The type strain of the type species is LR4 T
IP: 54.70.40.11
On: Tue, 11 Dec 2018 07:20:35 NH 4 NO 3 , 1.5 g K 2 HPO 4 , 0.5 g KH 2 PO 4 , 0.2 g MgSO 4 , and 1.0 g NaCl per litre distilled water, pH 7.0) supplemented with 1 g l 21 glucose (Liu et al., 2014) in a flask on a rotary shaker (shaking at 160 r.p.m.) at 30 8C for 5 days. Enrichment cultures were then diluted with sterilized doubledistilled water, spread on MSM agar containing 5 ml Luria-Bertani (LB) medium (Bertani, 1951) , and incubated at 30 8C for 5 days. Colonies grown on the plates were picked and cultured in LB agar at 30 8C for 2-3 days. The pure cultures of strains LR4
T and LR4-1 were preserved at 280 8C in LB medium with 15 % (v/v) glycerol.
Strains LR4
T and LR4-1 were cultivated on LB agar at 30 8C to investigate morphological, biochemical, and physiological characteristics. The Gram staining reaction was performed following the method as described by Beveridge et al. (2007) . Cell morphology and motility were examined by light microscopy (BX41; Olympus) equipped with phasecontrast optics and by transmission electron microscopy (H-7650; Hitachi) using cells that had been grown for 48 h at 30 8C on LB agar. Catalase activity was determined by assessing bubble production in 3.0 % (w/v) H 2 O 2 (Zhang et al., 2012) . Oxidase activity was tested using oxidase reagent (bioMérieux) according to the instructions of the manufacturer. DNase activity was tested using HiMedia's DNase agar supplemented with 0.005 % (w/v) methyl green (Verma et al., 2009 ). In addition, nitrate reduction, production of indole and H 2 S, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease and gelatinase activities, and the Voges-Proskauer test were assayed using API 20E and API 20NE kits (bioMérieux) according to the manufacturer's instructions. Other enzyme activities and carbon source utilization were assayed using the API ZYM kit (bioMérieux) and Biolog GN2 system, respectively. Tolerance of NaCl was tested in modified LB medium containing 0, 0.5, 1, 1.5, 2, 2.5, 3, 4 and 5 % (w/v) NaCl after incubation for 3 days. The pH range (pH 4.0-10.0 at intervals of 0.5 pH unit) was assessed in LB broth adjusted with HCl and NaOH at 30 8C for 3 days, and the temperature range (4, 10, 20, 25, 28, 30, 37 and 42 8C) for growth was also investigated by growing the isolates in LB medium for 4 days. Growth was monitored by measuring the optical density of the culture at 600 nm (OD 600 ). Antibiotic susceptibility was examined by placing different antibiotic discs on LB agar at 30 8C for 48 h. The tested discs (Oxoid) contained: ampicillin (10 mg), rifampicin (5 mg), streptomycin (10 mg), kanamycin (30 mg), gentamicin (10 mg), tetracycline (30 mg), chloramphenicol (30 mg), erythromycin (15 mg), polymyxin B (30 mg), spectinomycin (100 mg), vancomycin (30 mg), and lincomycin (2 mg). The susceptibility of the strain was decided by recording a zone of inhibition around the disc.
For quinone, polar lipid and cellular fatty acid analyses, strains LR4
T and LR4-1 were grown on LB medium to exponential phase and were then harvested. Respiratory quinones and polar lipids were extracted and analysed as described by Tindall (1990a, b) and Tindall et al. (2007) , respectively. Respiratory quinones were analysed by HPLC and polar lipid analyses were carried out by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany) using two-dimensional TLC. Cellular fatty acid analyses of both strains were performed by using the Sherlock Microbial Identification System (MIDI) as described by Miller (1982) and Kuykendall et al. (1988) . The genomic DNA G+C content was determined by HPLC according to Mesbah et al. (1989) , after DNA was extracted and purified according to standard procedures (Tel-Zur et al., 1999) .
Phylogenetic analysis of strains LR4
T and LR4-1 was carried out as described previously (Liu et al., 2014) . The almost-complete 16S rRNA gene sequences were obtained by PCR amplification using a set of universal primers, 27F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-GGTTCCTTGTTACGACTT-39) (Lane, 1991) . The PCR products were sequenced using an automated sequencer (model 3730; Applied Biosystems) and were compared to known sequences found in the GenBank database using the BLAST program of the National Center for Biotechnological Information (NCBI; http://blast.ncbi.nlm.nih.gov/ Blast.cgi) and also identified in the EzTaxon server 2.1 (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic analysis was performed using the software tool ARB release 5.2 (Ludwig et al., 2004) and the 'All-Species Living Tree' project (LTP; Yarza et al., 2008) database release LTPs121 (June 2015). Sequences not included in the database were aligned with the SILVA Incremental Aligner (SINA; version 1.2.11; Pruesse et al., 2012) according to the SILVA seed alignment and imported into the LTP database (Kämpfer et al., 2015) . Alignment with 16S rRNA gene sequences included in the phylogenetic analysis was controlled manually including secondary structure information. The ARB neighbour-joining tool was used to calculate the sequence similarities without evolutionary substitution models. Phylogenetic trees were reconstructed with both the maximum-likelihood method using RAxML version 7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis, and also with the maximum-parsimony method using PhyML with 1000 bootstraps. Phylogenetic placement was performed using the closest related species of genera in the order Rhizobiales. DNA-DNA hybridization was determined using photobiotin-labelled probes in microplate wells, as described by Ezaki et al. (1989) and He et al. (2005) . Hybridization was performed using five replications for each sample; of the values obtained, the highest and lowest for each sample were excluded and the means of the remaining three were quoted as DNA-DNA relatedness values. Reciprocal experiments were also performed.
Sequence comparisons with representative bacteria indicated that strains LR4
T and LR4-1 formed a distinct phylogenetic lineage within a clade containing the genera Chelatococcus, Bosea, Camelimonas, Salinarimonas, Psychroglaciecola, Microvirga, Methylobacterium, Albibacter, Hansschlegelia and Methylopila in the order Rhizobiales ( Fig. 1 T and LR4-1 were coccoid to oval-shaped (strain LR4 T approx. 1.1-1.3 mm long and 0.8-1.0 mm wide; strain LR4-1 approx. 1.6-1.7 mm long and 1.2-1.4 mm wide) (see Figs S3 and S4) . Colonies of strain LR4
T on LB agar were smooth, pale, and dry, while colonies of strain LR4-1 were beige and moist after incubation for 72 h at 30 8C. The optimal temperature for growth of both strains was 30 8C, although growth was observed at 20-37 8C. Growth occurred at pH 6.0-9.0, with optimum T and LR4-1 among the closest related species of the order Rhizobiales. The tree was generated in ARB using RAxML (GTR-GAMMA, rapid bootstrap analysis, 1000 bootstraps). Bootstrap values .50 % are depicted at nodes. Xanthobacter autotrophicus 7c T of the family Xanthobacteraceae served as the outgroup. Bar, 0.1 substitutions per site. growth at pH 7.0. Strain LR4 T grew in the NaCl concentration range of 0-1.5 %, which is narrower than strain LR4-1(range of 0-3.0 %). Both strains showed optimum growth in the absence of NaCl. The results of the Biolog GN2 system showed that both strains were positive for utilization of myo-inositol, methyl pyruvate, monomethyl succinate, acetic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, a-ketobutyric acid, DL-lactic acid, propionic acid, succinic acid, bromosuccinic acid, c-aminobutyric acid, urocanic acid, and malic acid, but could not utilize D-arabitol, cellobiose, i-erythritol, L-fucose, D-galactose, gentiobiose, a-D-glucose, a-lactose, lactulose, maltose, D-mannitol, D-mannose, melibiose, methyl b-D-glucoside, D-psicose, raffinose, L-rhamnose, D-sorbitol, sucrose, trehalose, turanose, xylitol, citric acid, formic acid, Lasparagine, L-ornithine, L-phenylalanine, L-pyroglutamic acid, L-threonine, phenylethylamine or glycerol. In the API 20E test, both strains were positive for Voges-Proskauer (acetoin) reaction and oxidation of inositol, but negative for production of urease, DNase, H 2 S, indole and gelatinase, and oxidation of glucose and arabinose. In the API 20NE test (bioMérieux), both strains could reduce nitrate. Aesculin, gelatin, casein and starch were not hydrolysed. In the API ZYM enzyme profile, strains LR4
T and LR4-1 were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, valine aminopeptidase, acid phosphatase, and naphthol-AS-BI-phosphoamidase.
The major cellular fatty acids (.10 %) of strains LR4
T and LR4-1 were C 18:1 v7c and/or C 18:1 v6c (summed feature 8) and C 17:1 iso I and/or C 17:1 anteiso B (summed feature 4); other cellular fatty acids are listed in Table S1 . The major respiratory quinone detected in both strains was ubiquinone Q-10. The polar lipid profiles included the major compounds of phosphatidylmonomethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine and two unknown aminolipids (Fig. S5) . The DNA G+C contents of strains LR4
T and LR4-1 were 68 mol% and 66.8 mol%, respectively. The DNA-DNA relatedness value between strains LR4 T and LR4-1 was 94.96 %.
On the basis of these phylogenetic, morphological, phenotypic and chemotaxonomic data, strains LR4
T and LR4-1 represent a novel species of a new genus in the order Rhizobiales, for which the name Qingshengfania soli gen. nov., sp. nov. is proposed.
Description of Qingshengfania gen. nov.
Qingshengfania (Qing.sheng.fan9i.a. N.L. fem. n. Qingshengfania named to honour Chinese microbiologist Qing-Sheng Fan).
Cells are Gram-stain-negative, coccoid to oval-shaped, non-spore-forming, and oxidase-and catalase-positive. The predominant fatty acids are summed feature 8 (C 18:1 v7c and/or C 18:1 v6c) and summed feature 4 (C 17:1 The type species is Qingshengfania soli.
Description of Qingshengfania soli sp. nov.
Qingshengfania soli (so9li. L. gen. n. soli of the soil).
Displays the following characteristics in addition to those reported for the genus. Cell growth occurs at 20-37 uC (optimum 30 uC), at pH 6.0-9.0 (optimum pH 7.0) and in the presence of 0-1.5 % (w/v) NaCl (optimum growth without NaCl). Good growth occurs on LB agar and better than on R2A agar (Difco) and trypticase soy agar (TSA; Difco) after incubation for 3 days at 30 uC. Nitrate is reduced to nitrite. Aesculin, gelatin, casein and starch are not hydrolysed. Negative for DNase and urease activity, and for production of indole and H 2 S. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, valine aminopeptidase, acid phosphatase, and naphthol-AS-BIphosphoamidase. Acid is produced only from inositol. Utilizes myo-inositol, methyl pyruvate, monomethyl succinate, acetic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, a-ketobutyric acid, DL-lactic The type strain, LR4 T (5CCTCC AB 2015036 T 5KCTC 42463 T ) was isolated from a soil sample in pesticide factory in Nanjing, China. The DNA G+C content of the type strain is 68 mol%. Another strain of this species is LR4-1.
